on behalf of the InTIME Investigators* Background-Lanoteplase (nPA) is a rationally designed variant of tissue plasminogen activator with greater fibrinolytic potency and slower plasma clearance than alteplase. Methods and Results-InTIME (Intravenous nPA for Treatment of Infarcting Myocardium Early), a multicenter, double-blind, randomized, double-placebo angiographic trial, evaluated the dose-response relationship and safety of single-bolus, weight-adjusted lanoteplase. Patients (nϭ602) presenting within 6 hours of acute myocardial infarction were randomized and treated with either a single-bolus injection of lanoteplase (15, 30, 60, or 120 kU/kg) or accelerated alteplase. The primary objective was to determine TIMI grade flow at 60 minutes. Angiographic assessments were also performed at 90 minutes and on days 3 to 5. Follow-up was continued for 30 days. Lanoteplase achieved its primary objective, demonstrating a dose-response in TIMI grade 3 flow at 60 minutes (23.6% to 47.1% of subjects, PϽ0.001). Similar results were observed at 90 minutes (26.1% to 57.1%, PϽ0.001). At 90 minutes, coronary patency (TIMI 2 or 3) increased across the dose range up to 83% of subjects at 120 kU/kg lanoteplase compared with 71.4% with alteplase. Thus, at this dose, lanoteplase was superior to alteplase in restoring coronary patency (difference, 12%; 95% CI, 1% to 23%). The early safety experience in this study suggests that lanoteplase was well tolerated at all doses with safety comparable to that of alteplase. Conclusions-Lanoteplase, a single-bolus, weight-adjusted agent, increased coronary patency at 60 and 90 minutes in a dose-dependent fashion. Coronary patency at 90 minutes was achieved more frequently with 120 kU/kg lanoteplase than alteplase. In this study, safety with lanoteplase and alteplase was comparable. InTIME-II, a worldwide mortality trial, will evaluate efficacy and safety with this promising new agent. (Circulation. 1998;98:2117-2125.)
T hrombolytic therapy reduces mortality in acute myocardial infarction (AMI). [1] [2] [3] Time to treatment and achievement of complete reperfusion (TIMI grade 3 flow) are critical factors. 4, 5 Early treatment and complete TIMI grade 3 flow have been facilitated by faster delivery regimens for accelerated alteplase 3 and double-bolus reteplase. [6] [7] [8] Simpler effective regimens, such as a single-bolus injection, may offer additional benefits through earlier achievement of reperfusion and by reduction in the risk of dosing errors. Efforts to improve thrombolytic efficacy are tempered by the risk of serious bleeding, particularly hemorrhagic stroke. As the use of thrombolytic agents has expanded to include more elderly patients, women, and patients with hypertension, there is a suggestion of increased hemorrhagic stroke. 9 Use of a fully weight-adjusted dose may optimize the risk-benefit ratio with thrombolytic therapy.
Lanoteplase (novel plasminogen activator, nPA) is a rationally designed variant of wild-type tissue plasminogen activator (tPA) developed to achieve greater fibrinolytic potency and prolonged plasma half-life. Lanoteplase does not contain the fibronectin fingerlike and epidermal growth factor domains of wild-type tPA, accounting for its slower clearance. 10 -12 Like alteplase, lanoteplase has enhanced fibrinolytic activity in the presence of fibrin-related plasminogen. Despite deletion of the fingerlike domain, lanoteplase retains some fibrin specificity relative to streptokinase and urokinase. In addition, an asparagine-to-glutamine change was made at residue 117 to prevent this glycosylation site from being occupied. 13 These modifications allow delivery of effective thrombolytic therapy as a single 2-to 4-minute injection. In human volunteers, the half-life for plasminogen activation activity is Ϸ37Ϯ11 minutes, which permits single-bolus dosing.
14 InTIME (Intravenous nPA for Treatment of Infarcting Myocardium Early) was a multicenter (Europe and North America), double-blind, randomized, double-placebo doseranging study comparing 4 doses of lanoteplase with accelerated alteplase. The primary objective of InTIME was to determine whether single-bolus lanoteplase restored complete coronary blood flow (TIMI grade 3) in a dose-related fashion at 60 minutes after initiation of therapy in patients presenting within 6 hours of suspected AMI. The preliminary safety and tolerability profile of lanoteplase was also evaluated. Additional objectives of the study included evaluation of TIMI grade 3 flow, of coronary patency (TIMI grade 2 and TIMI grade 3 flow) at 90 minutes after initiation of therapy, and of angiographic reocclusion on days 3 to 5 after initiation of therapy. The predefined composite end point of unfavorable clinical outcome at 30 days was also evaluated.
Methods

Study Population
Men and postmenopausal or surgically sterile women between the ages of 18 and 80 years, presenting within 6 hours of suspected AMI, were eligible for the study if the following criteria were met: ischemic symptoms lasting Ն20 minutes, ST-segment elevation of Ն0.1 mV in 2 contiguous limb leads or Ն0.2 mV in 2 contiguous precordial leads or new left bundle-branch block, and ability to receive study medication within 6 hours of symptom onset and to undergo coronary angiography within 60 minutes after starting study medication.
Patients were excluded if any of the following conditions were present: bleeding diathesis; active or recent internal bleeding; history of cerebrovascular accident; intracranial neoplasm, arteriovenous malformation, or aneurysm; systolic blood pressure Ն180 mm Hg; diastolic blood pressure Ն110 mm Hg; recent major surgery, trauma, or cardiopulmonary resuscitation; likelihood of left heart thrombus; acute pericarditis or subacute bacterial endocarditis; significant liver or renal disease; oral anticoagulation; Killip class IV heart failure; recent revascularization; history or symptoms of aortic dissection; or any other medical condition that would interfere with study participation or produce significant risk to the patient. The protocol was 
Treatment Protocol
Patients were randomized to receive 1 of 4 doses of lanoteplase and the alteplase placebo or accelerated alteplase and the lanoteplase placebo in a 1:1:1:1:1 ratio. All patients received only 1 active thrombolytic. The sequence of the lanoteplase (or placebo) single bolus or alteplase (or placebo) bolus was also randomized. The 30-and 60-minute infusions of alteplase or placebo were always given last. Lanoteplase was administered as a weight-adjusted dose of 15, 30, 60, or 120 kU/kg (not to exceed 12 000 kU). Lanoteplase or its matching placebo was administered as a split single bolus (due to provision of drug in 2 vials to allow full dose range) over 2 to 4 minutes. Alteplase or its matching placebo was administered according to the accelerated regimen from GUSTO 3 ; 15 mg was given by intravenous bolus followed by doses of 0.75 mg/kg (not to exceed 50 mg) over 30 minutes, then 0.5 mg/kg (not to exceed 35 mg) over 60 minutes.
Aspirin 150 to 325 mg/d and heparin 5000 U by intravenous bolus followed by 1000 U/h for at least 48 hours and adjusted to activated partial thromboplastin time of 60 to 85 seconds were initiated before study medication. Conventional antianginal therapy, long-acting nitrates, calcium channel blockers, ␤-blockers, and standard care were also initiated. Investigational treatments and devices were not permitted within 30 days before or during the study. Other thrombolytic agents were not permitted during the study.
Study End Points
Primary and secondary end points were prospectively determined. Angiographic evaluations of TIMI grade flow in the infarct-related artery were obtained 60 minutes (primary end point) and 90 minutes (secondary end point) after initiation of study medication. Another coronary angiogram was required between days 3 and 5, unless revascularization was performed or the initial TIMI grade was 0 or 1. The Angiographic Core Laboratory (Cleveland Clinic, Cleveland, Ohio) evaluated all angiograms in a blinded fashion. Patency of the infarct-related artery was classified according to TIMI criteria. 15 Brief physical examinations, laboratory tests, and 12-lead ECGs were performed daily during hospitalization to monitor patients for myocardial reinfarction, heart failure, recurrent ischemic symptoms, coronary revascularization, bleeding, and other adverse events. The presence of these events was also assessed on day 30 by brief physical examination or telephone interview. Composite clinical outcome was defined as death, reinfarction, major bleeding, or heart failure within 30 days.
Myocardial reinfarction was defined by the presence of 2 of the following conditions occurring Ͼ18 hours after index AMI: chest pain lasting Ն20 minutes not relieved by nitroglycerin, new STsegment elevation of Ն0.1 mV or new abnormal Q waves, and serum creatinine kinase (CK) that was more than twice the upper limit of normal and Ͼ50% above the lowest CK level from the index AMI. Heart failure was defined as congestion on chest radiograph without evidence of noncardiac cause, plus at least 2 of the following: midlung rales not cleared by coughing, mean pulmonary capillary wedge pressure Ն18 mm Hg and cardiac index Յ2.4 L ⅐ min Ϫ1 ⅐ m Ϫ2 , and new use or increased dose of furosemide or bumetanide. Recurrent ischemic symptoms were defined as chest, neck, or arm discomfort lasting Ն1 minute, which was relieved by nitroglycerin and was associated with new horizontal or downsloping ST-segment depression. Stroke was diagnosed by investigators on clinical grounds.
Bleeding was classified according to GUSTO criteria. 3 Major bleeding was defined as documented hemorrhagic stroke or bleeding resulting in hemodynamic compromise and requiring transfusion of packed red blood cells or other intervention. Moderate bleeding was defined as an event requiring transfusion of packed red blood cells, but one that was not accompanied by hemodynamic compromise. Mild bleeding did not require transfusion of packed red blood cells and was not accompanied by hemodynamic compromise.
Statistical Analysis
Calculations of sample size revealed that 107 patients were needed in each group to detect a 20% increment in complete reperfusion (from 40% to 60%) across the 15-to 120-kU/kg dose range at a power of 85% and significance level (2-tailed) of 0.05. This calculation was based on logistic regression and on the assumption of a linear relationship to dose. To accommodate missing data and a planned Figure 1 . Dose-response effect of lanoteplase (15, 30, 60 , and 120 kU/kg) and accelerated alteplase on normal coronary perfusion (TIMI grade 3) at 60 minutes in patients with suspected AMI. den Heijer et al November 17, 1998 interim analysis, the sample size was adjusted to 118 per group, for a total of 590 patients.
All patients who received study medication were included in the safety analysis. Patients were included in the efficacy analysis whenever possible on the basis of the availability of complete angiographic data. For the day 3 to 5 angiographic assessment, patients were also included if the assessment was performed on day 6. (Day 1 was defined in the protocol as the day the study treatment was given. To capture data in cases in which investigators interpreted day 5 as the fifth day after treatment [day 6], the angiographic analysis was expanded to include angiographic assessments on day 6.) If angiographic data were missing because of death or cardiovascular reasons (eg, revascularization), patients were considered to be treatment failures. If data were missing for other reasons (eg, usually failure to obtain assessment within the specified time window after initiation of study medication or to indicate time of assessment), patients were excluded from the efficacy analysis.
Logistic regression was used to test for the presence of a linear relationship between the log odds of a TIMI grade 3 response and lanoteplase dose, expressed on the natural log scale. Departures from linearity were assessed by comparing (at the 0.10 significance level) the difference in log likelihood obtained from this linear model and from a model not including the linearity assumption. Estimates of pairwise differences (and 95% CIs) were calculated for the difference in response rates for each lanoteplase dose group versus the low-dose lanoteplase group and versus the alteplase group.
Results
A total of 613 patients were enrolled by 88 investigators from 13 countries between March and November 1996. Eleven patients were not included in the efficacy analysis because treatment was not received. Demographic characteristics of the remaining 602 patients, shown in Table 1 , were similar among treatment groups. One patient experienced a second AMI 161 days after the index AMI and was randomized and treated a second time; data from the second exposure (lanoteplase 120 kU/kg) are included in the safety analysis as a separate case but are excluded from the efficacy analysis.
Efficacy
Primary Efficacy Outcome Measure
There was a statistically significant increase in the proportion of subjects with TIMI grade 3 flow at 60 minutes with increasing lanoteplase doses (PϽ0.001) (Table 2, Figure 1 ). The proportion of subjects with TIMI grade 3 flow at 60 minutes with lanoteplase treatment increased from 23.6% in the 15-kU/kg group to 47.1% in the 120-kU/kg group.
In addition, the proportion of patients who achieved TIMI grade 3 flow at 60 minutes with alteplase was 37.4%. The proportion of subjects with TIMI grade 3 flow was higher in the 120-kU/kg lanoteplase group than in the alteplase group. However, the 95% CI for the difference in rates included zero (9.7%; 95% CI, Ϫ3.7% to 23%).
Secondary Efficacy and Other Outcome Measures
Similar to the results at 60 minutes, at 90 minutes there was a statistically significant increase in the proportion of subjects with TIMI grade 3 flow with increasing lanoteplase dose (PϽ0.001) (Figure 2) . The proportion of patients who Figure 2 . Dose-response effect of lanoteplase (15, 30, 60, 120 kU/kg) and accelerated alteplase on TIMI grades 2 (shaded bars) and 3 (solid bars) flow at 90 minutes in patients with suspected AMI. achieved TIMI grade 3 flow 90 minutes after lanoteplase increased from 26.1% after the 15-kU/kg dose to 57.1% after the 120-kU/kg dose. The corresponding proportion of patients in the alteplase group who achieved TIMI grade 3 flow at 90 minutes, 46.4%, was lower than the proportion in the 120-kU/kg lanoteplase group (difference, 10.7%; 95% CI, Ϫ2.3% to 23.7%). Proportions of patients with TIMI grade 2 or 3 flow 90 minutes after lanoteplase increased from 54.1% after the lowest dose to 83.0% after the highest dose (PϽ0.001, Figure  2 ). At the 120-kU/kg dose, lanoteplase was superior to alteplase (71.4%) in restoring coronary patency at 90 minutes (difference, 11.6%; 95% CI, 0.7% to 22.5%).
The proportion of subjects with TIMI grade 3 flow on days 3 to 6 ranged from 29.3% in the 15-kU/kg lanoteplase group to 50.4% in the 120-kU/kg group. The proportion in the alteplase group was 41.2%.
Tertiary Efficacy and Other Outcomes
The proportions of subjects with unfavorable composite clinical outcomes ranged from 6.5% in the 30-kU/kg lanoteplase group to 21.8% in the alteplase group without evidence of a relationship between lanoteplase dose and outcome (Table 3) .
Safety
The numbers and percentages of subjects with adverse clinical events before hospital discharge were comparable among the lanoteplase and alteplase groups (Table 4) . Bleeding events were reported in 40.7% of subjects receiving any dose of lanoteplase and in 54.0% of subjects receiving alteplase. Major bleeding, defined as hemorrhagic stroke or bleeding associated with hemodynamic compromise requiring transfusion, occurred in 1.5% (7/479) of the lanoteplasetreated subjects and in 5.6% (7/124) of subjects receiving alteplase (Table 5) . One intracranial hemorrhage and 1 thromboembolic stroke occurred in 2 subjects receiving alteplase and in no subject in any lanoteplase group. Twentythree deaths occurred within 30 days of treatment, 15 (3.1%) in the lanoteplase-treated groups and 8 (6.5%) in the alteplase group.
Discussion
Lanoteplase is a rationally engineered derivative of tPA that offers the combination of high potency, long half-life, and prolonged clearance. Single-bolus, weight-adjusted lanoteplase establishes complete perfusion (TIMI grade 3 flow) at 60 minutes in a dose-related fashion up to 120 kU/kg in patients with suspected AMI. Early, complete infarct artery reperfusion at 60 minutes was chosen as the primary end point on the basis of evidence that achievement of TIMI grade 3 flow in the infarct-related artery improves survival. 4, 16 Lanoteplase at 120 kU/kg was as effective as alteplase in establishing TIMI grade 2 or 3 flow at 60 minutes and superior in restoring TIMI grades 2 or 3 flow at 90 minutes. The 30-day composite clinical outcome suggests that lanoteplase was at least as effective as alteplase in reducing major morbidity and mortality after AMI. Major bleeding, particularly hemorrhagic stroke, is an important safety issue with thrombolytics. In this trial, Ͼ90% of patients experienced no bleeding or mild bleeding, usually at the puncture site. Moderate and major bleeding was seen in 4.9% to 8.1% of patients in the lanoteplase groups and in 10.5% of alteplase subjects. Major bleeding occurred in 1.5% of lanoteplase patients and 5.6% of alteplase patients (including 1 hemorrhagic stroke).
The trend in recent trials toward inclusion of more elderly and female patients, who tend to weigh less, has further focused attention on appropriate dosing of thrombolytics. 9 Early experience with alteplase suggested excessive bleeding in light (Ͻ60 kg) patients and a trend toward decreased thrombolytic efficacy in heavy individuals (Ͼ90 kg). 17, 18 Lanoteplase was administered as a weight-adjusted dose to achieve optimal efficacy with minimal risk of bleeding.
Despite their efficacy in the treatment of AMI, thrombolytic agents are underused. An additional 15% to 25% of patients could receive thrombolytic therapy. 19 The reasons for undertreatment are numerous, but they fall into 2 categories: presentation delay (time from onset of symptoms to arrival at hospital) and treatment delay (time for the medical care team to provide treatment). 20 A single-bolus thrombolytic agent should have an immediate impact on treatment delay. Drug preparation and administration times are cut to a minimum, with little conflict in the coadministration of other drugs through the same intravenous line. In addition, a simple regimen reduces dosing error. Single-bolus administration has also reactivated interest in prehospital treatment with thrombolytics. Improvements in technology are likely to support more aggressive treatment outside of the hospital setting.
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Conclusions
Lanoteplase restores complete perfusion in the infarct-related artery at 60 minutes in a dose-related manner in patients presenting within 6 hours of suspected AMI. Although InTIME was not large enough to completely define the safety profile, in this study lanoteplase was well tolerated at 15 to 120 kU/kg. As expected with all thrombolytics, overall bleeding was dose-related, with the incidence at the highest dose, 120 kU/kg, comparable to that of alteplase. Serious bleeding, which occurred in a small number of patients, and other adverse events were not dose-related. At a dose of 120 kU/kg, lanoteplase produced early and sustained patency more frequently than alteplase, with an encouraging trend toward improvement in a 30-day composite clinical outcome.
InTIME was an angiographic dose-ranging trial that was not designed to evaluate relative effects on mortality. A larger study is necessary to determine whether single-bolus, weightadjusted, lanoteplase will achieve survival benefits, preserve left ventricular function, and prevent heart failure. These issues are being addressed in a 15 000-patient mortality study, InTIME-II, comparing lanoteplase (120 kU/kg) with accelerated alteplase. (43) 6 (5) 6 (5) 1 (0.8%) † *Includes second exposure of twice randomized subject. †A thomboembolic stroke also occurred in this group.
